Introduction 31
A growing awareness of the value of non-production ecosystem services (ES) provision to 32 human health and wellbeing has encouraged the funding of agri-environment schemes in the 33 UK, through which farmers receive funding to alter management practices to increase the 34 provision of certain ES. In general, management to maximise production causes the decline 35 of other ES (MA, 2005) including the regulation of water quality and nutrient cycling and 36 maintenance of biodiversity, with mixed effects reported on climate regulation (Pilgrim et al. 37 2010) . 38
In the European Union (EU) direct support and subsidies are provided to farmers through the 39
Common Agricultural Policy (CAP). Funding for environmental initiatives is provided under 40 the second pillar of the CAP through the European Agricultural Fund for Rural Development 41 (EAFRD) and includes agri-environment schemes that aim to enhance the environmental 42 value of land, such as the extensification of agricultural management through the creation of 43 semi-natural grassland (EC, 2009 ). Under these schemes farmers are required to carry out an 44 extensification of management practices by reducing or ceasing fertiliser application, grazing 45 and cultivation, or removing the existing crop or sward and sowing a specified seed mix of 46 desired grassland species. In England by the end of 2012 there were over 80,000 ha of created 47 6 Fresh soil samples were sieved (2 mm) prior to analysis. The bulk density (BD) of the surface 124 soil was determined for spring soil samples in 2010 using steel cores (56 mm diameter and 40 125 mm depth; Eijelkamp, Giesbeek, the Netherlands) according to Hopkins et al. (2009) and was 126 used to calculate nutrient concentration per ha. 127
Total N and SOC 128
Total N and SOC (% mass) were determined for spring soil samples using elemental analysis 129 (Carlo Erba NA 1500 analyser; CE Instruments Ltd, Wigan UK). Approximately 15 mg 130 ground (pestle and mortar) oven dried soil was weighed into a foil capsule. 131
Total available N 132
Total available soil N and P concentrations were determined in both spring and summer soil 133 samples to determine the level of intra-annual variation in more labile nutrient forms (Hatch  134   et 
Available P 145
Available soil P (defined as acetic acid extractable soil P) concentration was determined 146 using the same method of extraction as for available N with 100 ml of 2.5% acetic acid in7 place of the KCl solution (Edwards and Hollis, 1982). The concentration of phosphate (PO4 3--148 P) in the extracts was measured using a Bran & Luebbe Auto Analyser III. 149
Total P 150
Total soil P concentrations were determined for spring soil samples using the Kjeldahl 151 method (Taylor, 2000) . Twenty ml of 95% sulphuric acid (H2SO4) and 6 Kjeldahl copper 152 sulphate (CuSO4) catalyst tablets (Fisher Scientific, Loughborough, UK) were added to 0.5 g 153 of oven dried and ground soil and heated in a Buchi K-437 digestion system (Buchi UK Ltd., 154
Oldham, UK) for 30 mins at 250°C, followed by 90 mins at 350°C. Once cool, digests were 155 filtered through Whatman No. 42 filter paper, made up to 250 ml with deionised water, 156
shaken by hand and then left for 10 hours to reach equilibrium. A 60 ml aliquot was analysed 157 using a Bran & Luebbe Autoanalyser III using the same method as for available P. 158
Calculating soil nutrient concentrations 159
Gravimetric soil moisture content was determined for each homogenised batch of fresh soil 160 prior to analysis for N and P, by drying a 20 g subsample at 105°C until constant weight was 161 attained. The value was used to calculate soil N and P concentration per mass of dry soil (mg 162 kg -1 dry soil) and converted to nutrient content (kg ha -1 ) using bulk density values measured 163 for each field plot. 164 165
Botanical survey 166
The percentage cover of plant species identified using Rose (2006) and Hubbard (1992) was 167 recorded in July 2010 and 2011 using a 1 m x 1 m quadrat subdivided into 0.1 m x 0.1 m 168 sections at 5 randomly located points within each SRG plot. The value for percentage cover 169 was converted to a Domin score using the Joint Nature Conservation Committee Standard 170 conversion table (Rodwell, 2006) . Values for key traits, indicating their ecological niche, 171 were collated from references for all species identified at the sites and included in the seed 172 
Data analysis 180
The Shannon diversity index (H') was calculated for plant diversity in each plot (Equation 1), 181 using the mean % cover to determine the abundance of the i th species as a proportion of total 182 total cover (Pi) for each species: 183
(1) 184
Where, Pi = abundance of the i th species as a proportion of total cover 185 All soil analyses were conducted in duplicate and the mean of the replicate values was used 186 for the data analysis using GENSTAT14. Where a normality plot indicated non-normal data 187 distribution for a given variable, data were normalised by taking the natural logarithm 188
(constant e). Data from paired plots at each site were compared for every sampling occasion 189 using a two sample t-test, following a check for equality of variance the mean and standard 190 deviation of the measurements and indication of significance of the t-test are reported for all 191 plots and sampling occasions in tables. Subsequently a randomised block design ANOVA 192 was applied to combined data from 2010 / 2011 to identify any significant consistent effects 193 of management over the two year sampling period, management (IM / SRG) was modelled as 194 a fixed effect, across the 4 sites, with the data blocked according to the site pair, considered 195 as a random block (S3, S5, S8 and S9).Where both spring and summer analyses were 196 performed (available soil N and P), separate models were written for the spring and summer 197 9 data to enable the spring data to be analysed using a 2-way split plot design, with soil depth 198 (0-10 cm / 30-40 cm) and management both taken as fixed effects p<0. 05 
Total and available nitrogen 209
The mean total soil N content did not vary significantly between IM and SRG plots, as a 210 function of sample depth (p=0.55) or year ( p=0.11). There was a trend for the smallest total 211 soil N content to occur at site S3, ranging from 1.08 (±0.19) to 1.85 (±1.44) t ha -1 , and the 212 greatest at site S9, ranging from 0.81 (±0.07) to 3.69 (±0.32) t ha -1 for both depths (Table 1) . 213
The greatest soil available N contents were at site S9, where there were peaks in total 214 available soil N (>70 kg ha -1 ) measured in both the IM and SRG plots in spring 2011 and in 215 the IM plots in summer 2010 (Table 2) ; on both occasions the content in the IM plots were 216 significantly greater. The total soil available N in S3, S5 and S8 tended to be less than those 217 observed at site S9 and showed no consistent relationship with management. There 218 were significant differences between paired plots for individual sampling occasions but these 219
showed no consistent effect of management (ANOVA, spring p=0.30, summer p=0.06). 220 221
Total and available phosphorus 222
The mean total soil P (Table 1) did not vary significantly between IM and SRG plots, as a 223 function of sample depth (p=0.33) or year (p=0.36). Likewise soil available P content (Table  224 2) did not vary significantly with management in spring (p=0.24) or summer (p=0.97). There 225 was a trend for the smallest total soil P content to be recorded at site S3, ranging from 0.11 226 (±0.04) to 0.40 (±0.1) t ha -1 across both depth ranges, and the greatest at site S9, ranging from 227 0.43 (±0.09) to 0.81 (±0.07) t ha -1 . There were significant differences between paired plots 228 for individual sampling occasions but these showed no consistent effect of management. The 229 SRG plot at site S5 had a significantly higher total soil P content compared to the paired IM 230 IM plot in the 0-10 cm depth. In Spring 2010 the IM plot at site S8 had significantly (p<0.05) 231 greater mean soil total P content in the 30-40 cm depth range compared to the paired SRG 232 plot. 233 234
Soil nutrient ratios 235
The soil C:N ratio was ~10 across all sites and did not vary significantly with management 236 (p=0.12) or depth (p=34). The N:P ratios were much more variable (3.3-12.1; Figure 1 ), but 237 as with the C:N ratio did not vary significantly with management (p=0.29) or depth (p=0.50). 238 239
Botanical survey 240
The SRG at plot S9 had the greatest diversity (as determined by the Shannon diversity index) 241 and species richness in 2010 and 2011 (Table 4 ). In 2011 the species richness (total number 242 of species recorded) in the S9 SRG plot was about double that for the S3 and S8 SRG plots. (Table 4) . Grass species present in the seed mixes that 255 achieved >10% cover included Dactylis glomerata at site S3, Cynosurus cristatus at site S5, 256
and Poa pratensis at sites S8 and S9, whilst species present in the seed mix which failed to 257 establish included Festuca pratensis at site S3, Alopecurus pratensis, F. rubra, P. pratenis 258
and Agrostis capillaris at site S5, A. capillaris, C. cristatus and F. ovina at site S8 and A. A transition towards more 'natural' soil processes would tend to reduce total P in soils and 307 increase SOC and total N (as components of organic matter), thus altering the stoichiometry 308 of the soil nutrients. In this study we focus in particular on direct measurement of botanical 309 biodiversity provision, and soil chemistry, including N and P, which are key factors 310 regulating both biodiversity and potential nutrient loss to water bodies. We hypothesised, 311
however, that in the newly created SRG sites (<10 years) in this study, legacy effects of 312 former intensive management would limit succession towards a more 'natural' system with 313 soil macronutrient content showing no detectable change compared to the IM sites, thus 314 limiting improvements in key ES provision. The data from four working farms in Scotland 315 largely support our hypothesis. The percentage total N in our study plots (0.1-0.3%) was 316 closer to those measured by other authors in IM soils, as opposed to semi-natural grassland 317
habitats. For example a study of UK grasslands reported a mean soil total N content of 0.5% 318 at long established semi-natural grasslands, compared to a mean value of 0.3% at adjacent 
Legacy soil nutrients limit biodiversity provision 358
The relatively abundant soil available N and total P contents recorded at the SRG sites in this 359 study are likely to impact on the nature of the plant community established, favouring 360
dominance by a few plant species typical of more nutrient rich environments and thus 361 limiting the biodiversity, species richness and conservation value of the created SRG. The 362 seed mixes sown in the SRG plots in this study met the requirements of the Scotland Rural 363 Development programme for low productivity mixes and contained plants typical of species 364 rich grasslands that develop in relatively nutrient poor soils (Scottish Executive, 2011) . 365
366
The dominance of non-sown species, particularly grasses and the limited establishment of 367 sown species, demonstrated that success in establishing the desired sward at the SRG sites 368 was limited. Analysis of the traits of the most dominant grass species found them to be 369 characteristic of generalist species able to compete effectively in environments with low 370 nutrient stress (scoring lower on the S axes relative to C and R and high EI-N) or species able 371 16 to take advantage of disturbance due to high fecundity and rapid growth (scoring relatively 372 high on the R axes relative to C and S score). Other authors have reported similar 373 observations, and found that high soil P content in particular can limit biodiversity and 374 prevent establishment of species typical of low nutrient environments (Pywell et al., 2003) . 375
The conservation of biodiversity is a central goal of agri-environment schemes. Maintaining 376 biodiversity has been shown to support the provision of other ecosystem services, such as 377 efficient nutrient cycling and to increase ecosystem stability through functional diversity 378 
